ABSTRACT. Among the strategies to promote sustainable tropical forest development around the world, the Federal Extractive Reserve System of Brazil is widely cited as an exemplary model. It is designed to protect rubber tapper communities, their forests, and their livelihoods while preventing deforestation and conserving biodiversity. In response to changing markets and policies, rubber tappers in the Chico Mendes Extractive Reserve have recently diversified production to include market agriculture and cattle production, precipitating deforestation in the reserve, with the implication of increased ecological degradation compared to the extraction of nontimber forest products (NTFPs). Our remote sensing and forest inventory analyses yield different insights about the environmental consequences of distinct land-use mixes in two extractive communities, one of which emphasizes cattle and the other, NTFPs. Remote sensing results show a predictably greater impact on forest cover in the cattle-oriented community. This preliminary study is based on nested household-and community-level forest inventory and biodiversity analyses in two communities. Surprisingly, we found higher tree biodiversity in the rubber trail forests of the cattle-oriented community, and significantly lower tree species richness, tree density, total basal area, and number of trees of commercial size in the same land-use unit in the NTFP-focused community. Land-use surveys indicate lower levels of game consumption and hunting in the cattle-oriented community, and strong support for the development of sustainable timber extraction in both communities. The distinct type and degree of forest impact in the two communities exposes the problem of single-impact assessment as the sole means of performance and categorical land-use prohibitions as an effective mode of regulation in conservation areas.
INTRODUCTION
The state of Acre, in western Brazil, features prominently in the environment and development debate in the tropics. It retains 90% of its forest cover intact (Vianna 2004) , 14% of its territory in protected status, and has been the site of a historic movement to defend forest communities and livelihoods. Since the 1999 election, the progressive "forest government" has emphasized sustainable development, including nontimber forest production (NTFP) within reserves and other protected areas (Kainer et al. 2003) . However, pre-existing markets and infrastructure, a legacy of prior policies and ranching subsidies, make cattle ranching the most profitable current option for smallholders in Amazonia (Pacheco 2005) . Between 1990 and 2003, Acre had the second highest growth rate of cattle in Brazil (Barreto et al. 2005 ).
The tension between cattle ranching and NTFP extends back to the 1970s, when Chico Mendes, Wilson Pinheiro, and others led rubber tappers in a struggle to protect their forest holdings from largeholder cattle ranchers. The campaign, and the assassination of Mendes in 1988, led to the creation of Federal Extractive Reserves in 1990, part of a larger program to protect the forests and peoples of the Brazilian Amazon. The Chico Mendes Extractive Reserve (CMER) is one of the first and the most iconic of the 34 Federal Extractive Reserves. The state holds the title to the land, whereas the community holds the concession for its use. The model aims to preserve the extractivist http://www.ecologyandsociety.org/vol14/iss2/art29/ communities and land-use systems, as well as the surrounding forest cover and biodiversity (Ruiz Murrieta and Pinzón Rueda 1995, Ministério do Meio Ambiente 2004) .
The extractive reserve system is widely cited as a promising model of sustainable development that limits forest clearing (Allegretti 1990 , Fearnside 1990 , Schmink and Wood 1992 , prevents or contains forest fires, and protects biodiversity (Pinard 1993 , Nepstad et al. 2006 . However, several researchers question the economic, social, and environmental sustainability of the extractive reserve model (Hecht and Cockburn 1990 , Browder 1992 , Homma 1993 and express doubts about biodiversity conservation in working forest reserves (Terborgh 1999) and community-based parks (Moegenburg and Levey 2002) . Since the mid-1990s, extractivists face ongoing economic hardship brought on by unstable rubber prices, deregulation of processed latex imports, and the cessation of federal subsidies to the rubber trade. Many extractivists have diversified their production systems to include market-oriented agriculture such as beans, rice, and manioc crops, and cattle production, precipitating deforestation (Gomes 2001) and problems with fire (Brianezi 2005) .
Sustainability and its measures and monitoring mechanisms are not clearly defined within the CMER, aside from specific rules on the limits of forest clearing and protection of key extractive tree species (Reserva Extrativista Chico Mendes: plano de utilização, http://www.ibama.gov.br/resex/cmendes/ plano.htm; IBAMA 2003). For example, the CMER use plan sets allowable maximum limits of deforestation at 10% of the total area of the household colocação (individual homestead), which in practice is measured and generally monitored on the community level. Not surprisingly, performance assessment has focused largely on satellite imagery detection of forest cover change (Sassagawa 1999) , which highlights the impacts of the cattle-oriented communities. In Brazil and beyond, performance evaluation of conservation and management practices in forest reserves has followed two distinct approaches, with few exceptions (Uhl et al. 1997 , International Forestry Resources and Institutions 1998 , Berkes and Folke 2002 , Tucker and Southworth 2005 , Sears et al. 2007 ). Social evaluations employ questionnaires at household scale and/or rapid appraisals at community scale (Margoluis and Salafsky 1998) . Environmental evaluations rely on one of two basic methods: remotely sensed imagery assessments of the proportion and persistence of forest cover as indicators of success (NaughtonTreves et al. 2005) , as in the case of the CMER; and labor-intensive, forest ecology and biodiversity surveys of small areas to achieve precise results about specific sites. This last method often uses a single index or criterion (Buckland et al. 2005) , whereas managers require information on multiple ecological and social criteria in relation to household land-use practices (FETACRE 2003) .
In this preliminary study, we compare two distinct measures of forest sustainability and quality. We use forest inventories and interview data from two CMER communities that have contrasting livelihood strategies and associated land-use practices in mixed land-use mosaics. One community emphasizes cattle-based livelihoods; the other emphasizes NTFP extraction. The data collection, results, and analyses address two main hypotheses. The discussion and conclusions also consider related implications for policy, management, and monitoring of the sustainability of a tropical forest habitat and local livelihood. The hypotheses apply to current conditions and practices in the CMER, specifically in these two communities, and do not imply a universal application by land-use category: (1) At community level, a livestockfocused livelihood strategy has a greater impact on overall forest cover, whereas an extractivist livelihood strategy has a greater impact on biodiversity, composition, and structure within active rubber trail forests; (2) Different livelihood and land-use trajectories at community levels have distinct impacts on active rubber trail forests with respect to forest cover, structure, and composition. Both hypotheses have implications for forest sustainability and conservation elsewhere in the tropics, as well as for methods of monitoring forest change and sustainability under mixed land-use practices.
Study area, communities, and households

Chico Mendes Extractive Reserve
The CMER is located in the southeastern corner of Acre, bordering Bolivia and Peru. Established in 1990, it was one of the first extractive reserves in Brazil and is seen as a model for the entire Federal Extractive Reserve system. The CMER comprises 970,570 ha and spans five municipalities: Assis http://www.ecologyandsociety.org/vol14/iss2/art29/ Brasil, Brasiléa, Xapuri, Sena Madeira, and Rio Branco. As of the last census, there were just under 2000 families in 46 different rubber tapper communities in the reserve (Feitosa 1995) .
The reserve receives an average annual rainfall of 2200 mm and has a marked dry season from May to August and an average temperature of 26°C. The topography is slightly to moderately undulating, and the elevation varies between 100 and 300 m. Eutrophic and dystrophic soils dominate in the reserve and are considered viable for agriculture under "good management practices" (Governo do Estado do Acre 2000). Most (73%) of the reserve is classified as open tropical forest (< 40% closed forest cover), and the remainder (27%) as dense tropical forest (> 40% closed forest cover; RadamBrasil 1976 , Feitosa 1995 . The tree species diversity in the region is considered high for tropical forests, with more than 3000 species identified and new species cataloged monthly (New York Botanical Garden, Floristics and economic botany of Acre, Brazil, http://www.nybg.org/bsci/acre/title. html). We focused on changes in dense tropical forest portions of the reserve, which are both high in NTFP species and intensively used and managed by households.
Community and households
Reserves are divided into seringais (traditional rubber estates) and composed of colocações (individual homesteads). The colocação is a fluid property system, defined by its trees (extractive resources), rather than by fixed polygons in Euclidean space. A typical colocação is approximately one hour's walk from the nearest neighbor and contains the rubber tapper family's house and other buildings, patio garden, agricultural plot, and pasture, as well as rubber trail forests (forest extractive units) and the surrounding forest matrix, all of which is within the household's property (Fig. 1) . The properties were originally allocated based on the number of estradas de seringa (rubber trail forest units). In 1990, each household on the new reserve was allotted at least three rubber trail units. On average, it takes 100-125 ha of forest to create a single rubber trail. Our study was conducted within the immediate rubber trail forest unit, each of which represents an area of 12 ha of mature forest consisting of an extractive forest strip roughly 10 m wide on either side of the central footpath, 6 km in length. The rubber trail units, which represent approximately 10% of the total forest area, are purposely carved out of the surrounding forest in each household's colocação to maximize encounters with the most lucrative extractive species. Therefore, the reserve and forest as a whole are entirely subdivided into an invisible patchwork of colocação properties, with a forest matrix, rubber trail forest units, and the other mixed household land-use units.
Increasingly, rubber tappers buy and sell the use rights to rubber trails. The smallest colocação in the sample had two rubber trails, whereas the largest had twelve. This shuffling of trails among households permits those who rely heavily on extractive activities greater access to rubber trails beyond their original holdings. It also allows those relying on nonextractive activities to expand their pasture and cropland onto additional holdings without breaking the 10% deforestation rule on their original colocação (Ankerson and Barnes 2004) .
In response to conservation programs and falling rubber prices, reserve households have increasingly turned to agricultural activities. For the most part, the reserve-wide rules do not currently allow commercial timber harvest for sale, yet they allow each household to deforest 2 ha/yr to plant staple crops. Some rubber tappers argue that agriculture encourages deforestation and sustains poverty. They press for the right to manage their forests for selective timber extraction to earn cash income for food and other needs.
Study sites
We called the two study sites community A and community B. The two seringais share similar geographical characteristics, with mixed land use and significantly different livelihood and related land-use emphases: NTFP and cattle production. They are located in close proximity in the same municipality and have similar access to the nearest town (market). They share similar histories in the rubber tapper's movement, access to the same government programs, and similar institutions governing access to land and resources. The two communities are also similar in terms of their colocação size, mean slope, elevation, and basic soil indicators at the A and B horizons (Table 1) .
Community A is smaller in area and population than community B. These discrepancies have little effect on the forest cover and diversity comparisons because colocação size and population density are Fig. 1 . Example of a colocação, or individual homestead. Black lines represent dirt roads connecting households; blue lines represent waterways; purple lines represent a household's rubber trails. The entire forest on the reserves is divided into household forest properties. It is allocated based on the number of rubber trails per property. Each trail is cut to maximize encounters with rubber and Brazil-nut trees and requires on average 100-125 ha of forest to create one forest extractive trail; the rubber trail unit itself accounts for approximately 10% of the forest. In the extractive reserve forest landscape, all forest is under active management and use. The sketch map is not drawn to scale, but is representative of a typical household's landholdings.
roughly the same in both communities, and all forested lands in both communities belong to reserve households.
External agencies view community A as "full of cattle" and community B as focused on NTFP projects. Household data (Table 2) indicate that community B is more involved in extractive activities: collection of açai berries and latex, legal timber extraction for household use, and hunting. Reports from local authorities and key-informant interviews also indicate sporadic illegal extraction of commercial hardwoods in community B.
Whereas an equal proportion of households in the two communities participate in cattle production (93.3%), the scale of cattle ranching, the amount of pasture, and the total area deforested per household differ markedly (Table 3) . Community A has roughly twice the amount of cattle per household (14.20 vs. 7.47) , with about 60% more pasture and total area deforested than community B.
The NTFP-oriented community B reports a 30% higher participation rate in hunting game than does community A. The five most hunted species include: Paca (Agouti paca), Amazon Blue-fronted Parrot (Amazonia ochrocephala), Tinamou (Crypturelius sp.), Brazilian Agouti (Dasyprocta sp.), and Whitelipped Peccary (Tayassu pecari). Average game consumption per household in the NTFP-oriented community ( Table 4 ) is double that of the cattlefocused community, consistent with Amazonian studies linking growth in livestock production by extractivists to decreased hunting (Minzenberg 2005) . Community A reports either increased or stabilized game populations within the last 10 years, whereas community B reports declines, although there are no numerical baselines with which to judge these. The concentration and fencing of pastures, These communities are not polar opposites; they constitute two distinct, complex mixes of livelihood strategies and land-use practices. Both communities participate in subsistence and commercial agricultural production and Brazil-nut collection. Community A increasingly emphasizes cattle, and community B continues to emphasize NTFP as a primary source of income. Community A has larger amounts of concentrated, shared and fenced pasture, whereas pastures in community B tend to be smaller, patchy, and dispersed.
METHODS
Research design and site selection
Given the limitations of available resources and logistic feasibility, the research design for this preliminary study sacrificed replication of community sites for more rigorous sampling, better detail, and more variables at the sample plot and household (colocação) level. This allowed for a relatively complete sample of the rubber trail forest holdings within the communities, with approximately 50% of all household-level holdings included in the sample, and for in-depth land-use and livelihood surveys with the household members in each of the rubber trail forest holdings sampled. The first author resided with community members during both the forest inventory and the in-depth forest livelihood and forest land-use interviews conducted at household level. Data from additional key informant interviews on land use and management at the community level, as well as attendance and discussions at formal community and other organizational meetings, also informed the interpretation of the forest inventory and household interview data.
The two communities selected were already included in previous comprehensive social and land-use surveys (Vadjunec 2007) , as well as landuse studies using remotely sensed imagery of forest cover (Vadjunec et al. in press ). This prior information allowed for an informed choice of the two representative communities for a comparison of forest inventory and interview data from two sites with contrasting livelihood strategies and associated land-use practices in mixed land-use mosaics. The selection of communities with similar biophysical characteristics, forest types, and history, up until the recent divergence in livelihood strategy, also reflected the judgment of botanists and other scientists at the Federal University of Acre, Brazil, based on expert knowledge and extensive field experience in the CMER.
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Satellite imagery analysis of forest cover change
Landsat 5-TM and 7-ETM+ satellite imagery data were used to analyze the amount and rates of deforestation at the pixel level during the dry season (June to September) for 1986, 1996, 1999, and 2003 . All image processing was carried out on the footprint level, which is the standard extent of coverage for a single LANDSAT scene, for Row 02/Path 67. Preprocessing included radiometric calibration and atmospheric correction (Green 2001) . The 2003 image was georeferenced using ground-control points taken using a GPS along roads and waterways. Each of the remaining images was then georeferenced using a nearest-neighbor resampling alogorithm, with a root mean square error of < 0.5 pixels.
Images were classified using an unsupervised/ supervised approach (Vadjunec 2007) . Each image was divided into 100 classes using the ISODATA module in ERDAS Imagine. Ground reference data gathered in the field were used to guide decisions on how to collapse the 100 classes based on identified land-cover categories and their spectral separability. Six final classes were used: mature forest, secondary forest, agriculture or pasture, high-density urban, water, and cloud or shadow, with an accuracy of 84.7% for the 2003 image. The accuracy assessment was performed using the ERRMAT module in IDRISI Kilamanjaro. A holdout sample of training sites that were taken in the field was used, representing all geographic quadrants of the footprint and at least 90 pixels for each class.
We used only two cover classes for this study: forest and nonforest. A three-by-three kernel filter was applied to clean up the images, thus eliminating incidents of single pixel deforestation and focusing instead on larger areas that are more likely to be deforested for agriculture or pasture formation. Transition matrices were created for 1986-1996, 1996-1999, and 1999-2003 . Once forest cover was lost, it could only return to a secondary forest class. The result is a final image calculating the cumulative rates and location of cover change within both communities through the three time intervals.
Field inventories of biodiversity in household rubber trail forests
Forest surveys of structure and composition capture detailed, ground-level information that can be used to calculate biodiversity indices and total basal area. Two teams of six to eight people each, including the first author, agronomists, botanists, and foresters, carried out the forest inventory during the dry season in April and May of 2005. The teams trained together in the field to standardize their methods.
The research design for the inventory focused on household rubber trail forests, based on the size of the colocações, financial and environmental constraints, and our emphasis on land-use impacts in rubber tapping zones within the forest. Prior studies have used rubber trails as "natural transects" to represent the forest as a whole (Alechandre da Rocha 2001, Kageyama et al. 2004 ). In contrast, we treated the rubber trail forest as a distinct land-use unit and sampled rectangular plots at fixed intervals along alternating sides of the central path to represent the rubber trail forest specifically, as an extractive forest unit and the most accessible intensively used forest land-use unit within the larger forest holdings. The survey characterized the species richness, abundance, and size classes of trees within the rubber trail forest to document the impact of household-and community-level use, although this was limited by the assumptions of similar forest cover, structure, and diversity prior to the divergence in livelihood strategies.
During previous household and community mapping exercises (Vadjunec 2007) , the number and length of actively maintained individual rubber trails were tabulated. For "actively maintained," we distinguished between rubber trails that were completely abandoned by the landholder and rubber trails that are still cleaned and maintained annually for rubber tapping and/or the collection of Brazil nuts and other nontimber forest products. A stratified sampling technique, based on the previously mapped number and length of trails per household, was used in 15 colocações within each of the two communities (n= 30). Overall, 120 plots of 10 × 25 m (250 m²) were inventoried, representing the recommended sample size of 1.5% of the total forest area (Oliveira and Sant'anna 2003) , in this case based on the total length and average width of rubber trail forest units. Plots were located every 500 m, parallel to the walking trail, alternating to the right and left. To avoid edge effects, the first transect began 100 m from the trail's entrance. The research team identified all tree species with a diameter at breast height (dbh) ≥ 10 cm and measured the height and dbh of each individual tree. . Because many of these indices assume equal area sampled, data from an equal number of forest plots were randomly subsampled from each household rubber trail holding (colocação) to calculate these indices (n = 42 each, 84 in total, with the number of plots per household proportional to the total length of rubber trail forest in each).
Species-area curves were constructed using Biodiversity Pro software (McAleece 1997). Species diversity estimates beyond the observed data were calculated using Chao 1 and Jackknife models in Biodiversity Pro software to compare estimates between communities. These estimates represent best practice for sample plot data in diverse tropical forests with high numbers of rare species and singletons (Magurran 2004) . The distributions of species rank and abundance data were also tested for fit to theoretical distributions of log-normal (log 10 ) and broken-stick models using Biodiversity Pro. To characterize stand volume and age, average basal area per species was calculated (units: m²/ha) at the colocação level and averaged for the two communities (West 2004) . Given that spatial autocorrelation is one of the major concerns for statistical validity in a case with a comparison of two sites and with a nested research design, the data from each community, for each of the reported variables, were tested for spatial autocorrelation. The means of variables aggregated at household (colocação) level, which were treated as dependent variables, were each tested through multiple regression with household-level location values (GPS-derived UTM Northing and Easting values and their products), which were treated as independent variables.
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RESULTS
Forest change analysis
A transition matrix of forest and nonforest categories between 1986 and 1996, 1996 and 1999, and 1999 and 2003 reveals differences in the amounts and rates of deforestation between the two communities (Fig. 2) . Community A had already cut 8.26% of its forest by 2003, with an average annual rate of 0.38%/yr throughout the 18-year period of study. In contrast, community B had cut only 3.83% of its forest by 2003, and its average annual deforestation rate was 0.20%/yr. Community A had a significant increase in the rate of deforestation in the last period of analysis, jumping to 0.52%/yr, whereas community B's rate stabilized at 0.23%/yr.
Forest inventory and biodiversity results
In the 84-plot subsample in the two colocações, 1023 tree stems were counted and 218 tree species identified (Appendix 1). The canopy height and the diameter of emergent trees were similar in both communities (Table 5) , suggesting similar site productive capacity, forest productivity, and environmental characteristics in the two communities (West 2004 ). Although there is no before and after comparison, the comparison of these otherwise similar sites showed significant differences between specific structure and diversity measures, i.e., percent crown cover, number of trees per plot, number of species per plot, and total basal area, which often serve as indicators of different use and management practices. These results may reflect differences in the use and management of rubber trail forests in the two communities.
The summary species abundance and rank data from the sample plots fit the broken-stick model in both cases (p < 0.001). The data did not fit the log-normal model (p > 0.10) in each of the two communities (Table 6) , indicating a relatively even mix of abundant species, as well as a large number of rare or unique species. The species-area curves (Table  7 , Fig. 3A ) tend toward the asymptote, but indicate that not all species were sampled. The uniqueness plot (Fig. 3B) indicates that the species observed include most of the species in the areas sampled, giving an adequate, if not perfect, estimate of species richness. Given the high incidence of singletons (single individuals of a given species), which is common in tropical forests, along with the failure to reach an asymptote, we also used the jacknife (Fig. 3C) and Chao 1 estimates, both of which increased the estimate of species richness (see Magurran 2004 for more details). Multiple regression analyses showed no significant correlation in either community between the independent location variables and each of the dependent forest structure and tree species composition variables. The data from rubber trail forest sample plots, aggregated to the household (colocação) level of rubber trail holdings, are independent and allow the use of statistical tests that assume independent samples. Regardless of the species observations or estimates used, all diversity indices differ significantly at the 0.05 level between the two communities (Table 7) . Community A has higher species richness in rubber trail forests than does community B, and this relationship also holds for the Margalef, Shannon, and Simpson diversity indices.
The substantial overlap in species between the communities is reflected in a correlation of 86.24%, with 71 species (32.57% of the total community) distinct to community A, 62 species (28.44% of the total community) distinct to community B, and 7 of the 10 most dominant species in common (Table 8) . The difference in basal area between the communities is roughly 25%, which is even more pronounced than the difference in species richness and crown cover (20%). Community A has significantly more stems per plot and is a much denser forest with a higher total basal area of 54.80 m²/ha, compared to 40.63 m²/ha in community B. Although both basal areas suggest mature forests according to tropical standards (Mori et al. 1983, Moran and Brondizio 1998) , that of community A is markedly higher than that of community B.
The high incidence of singletons makes the diversity indices in these forests sensitive to the harvesting of even small numbers of trees (Groom et al. 2006) . Also, some species such as Brazil nut, cedar, and intaúba are more likely to be harvested in high numbers based on their value for local use and sale. An analysis of the most popular commercial timber species in Acre (Table 9) 
DISCUSSION
Much of the literature cites medium-and largeholder cattle ranchers as most responsible for deforestation in Amazonia (Pacheco 2005) . However, recent studies suggest that smallholders, on or off reserves, are responsible for as much as 62% of the new deforestation in Acre (Elia 2005 , Barreto et al. 2006 ). Smallholders have not deforested a greater area than largeholders, but largeholder pasture development is slowing because it is increasingly constrained by the expansion of protected areas in the region. Cattle and pasture are expanding on reserves as NTFP extractivists turn to more intensive land uses. Many CMER households view cattle as the least risky and highest return activity available to them under current conditions. Whether it remains so depends on economic forces beyond the reserve and the alternative activities legally open to CMER communities.
With > 8% of the area deforested, and recent average deforestation rates exceeding 0.50%/yr, cattleoriented community A may be considered on the high end of overall deforestation rates in Acre (< 1%/yr; Instituto Nacional de Pesquisas Espacias 2005). NTFP-oriented community B has reached a deforestation rate of 0.23%/yr and cumulative total deforestation of 3%, which is the pan-CMER average per seringal (Sassagawa 1999) . Deforestation in the CMER notwithstanding, there is good reason to think that the natural and environmental consequences of it differ from largeholder deforestation (Denevan 1992, Glaser and Woods 2004) . The landscape matrix of smallholder land cover, if it can be retained, is heterogeneous, with patches of forests in different stages of successional growth. Recent research shows that over half of this area in succession in the CMER is either recut for use in swidden agriculture or, increasingly, is planted with tropical kudzu and left to fallow for a short period before returning to pasture. Some successional forest is permitted to reach stages of advanced secondary growth beyond 20 years (Vadjunec 2007) .
Moving from satellite to on-the-ground forest studies reveals another kind of tropical forest change: the reduction in the number of tree species, forest density, and basal area in the community that is more focused on NTFP extraction. This level of analysis points to greater forest disturbance in the Ecology and Society 14(2): 29 http://www.ecologyandsociety.org/vol14/iss2/art29/ rubber trail forests of NTFP-oriented community B, assuming that both communities began with forests of roughly the same age, type, and condition (Table  1) . The rubber trail forests of community B ranked lower than those of community A in every measure of current biodiversity and volume, other than the number of individuals of commercial timber species (irrespective of individual size).
For instance, the Brazil-nut tree, a federally protected species, is not only an economically important NTFP species, it is a local favorite in household construction and has been a source of contention between residents and local authorities. Community B has a greater number of Brazil-nut trees (approximately 15 trees/ha vs. 11 trees/ha in community A), but community A has a greater percentage of both commercial size (dbh > 50 cm) and old growth (dbh > 100 cm), typical of the species when it is allowed to grow to maturity (Table 9) . Both communities have similar histories of Brazilnut extraction, with no evidence of enrichment planting, suggesting that the marked imbalance in its size class distribution within community B may follow from differences in timber extraction.
Linked to this example are the possible forest consequences of the reported higher levels of hunting in community B than community A. Animals and forests are interdependent, particularly in regard to diversity (Terborgh 1999 , Carneiro da Cunha and Barbosa de Almeida 2002 , Moegenburg and Levey 2002 . Community A reports overall increases in game populations, whereas community B reports decreases. The Brazilian agouti, a large, neotropical rodent hunted to a greater extent in community B, is known to affect the distribution of canopy tree species in the Amazon (Asquith et al. 1999, Silvius and Fragoso 2003) . These results suggest that the economic and livelihood constraints placed on traditional NTFP extractivists lead to a greater disturbance of rubber trail forests caused by Degrees of freedom 4 3 3 3 P > 0.10 < 0.001 > 0.10 < 0.001 higher rates of selective logging for legal household use, as well as illegal sale, and possibly also related to the ecological consequences of overhunting.
Although the forest structure as a whole appears similar between the two communities, commercially valuable timber species are in very different stages of regeneration. Differences in tree basal area between the two communities, coupled with the distribution of commercial and noncommercial tree size classes among popular timber species in the rubber trail forests (Table 9 ), suggest differences in forest management, particularly regarding selective timber harvesting. There is much greater diversity and abundance in small size classes across species than in larger trees overall, especially with respect to commercial tree species. The marked difference between the two communities in the proportion of commercial trees of commercial size could be explained by a higher rate of timber off-take of commercial hardwood species and also the local use of Brazil-nut trees in community B. In some instances, stumps were noted, but not quantified, along rubber trails in community B. Household surveys and key informant interviews both indicate a regular, higher rate of timber harvesting for household construction in community B than community A, as well as sporadic selective timber harvesting for illegal and below-market sale in the same community. This may explain both the lower species richness counts and estimates, caused by the harvest of singletons of commercial species, and the lower total basal area, related to the tendency toward smaller trees among commercial species and Brazilnut trees, the larger commercial-size trees having been selectively removed.
Our comparison suggests that the different land-use emphases within extractivist communities have different consequences for forest structure and composition. NTFP-oriented community B maintains proportionately higher forest cover overall, as expected. Cattle-oriented community A, surprisingly, maintains higher biodiversity in its active rubber trail forests than does community B. Based on the average range of total basal area at 25-50 m²/ha (Moran and Brondizio 1998:110) for mature forests in Amazonia, both community A (54.8 m²/ha) and community B (40.6 m²/ha) undoubtedly maintain very mature, diverse rubber trail forests, with less disturbance in the rubber trail forests of the more cattle-focused community.
Our results indicate that the type and scale of analysis matters in assessing conservation areas, with implications for the criteria and means of monitoring a reserve's environmental performance. Remote-sensing analyses will show more cattleoriented seringais as the primary communities that are clearing mature forests and creating a landscape with larger amounts of open land and secondary vegetation. In contrast, field inventories and household surveys reveal the consequences of a dependence on an extractivist livelihood, and some extractivist activities, on the structure and diversity of rubber trail forests.
This last observation is especially important for CMER and reserve performance throughout Brazil because formal criteria that account for deforestation in terms of both cover and composition have yet to be established. The prevailing paradigm of analysis and monitoring, via http://www.ecologyandsociety.org/vol14/iss2/art29/ *P < 0.05, two-tailed t-tests at the mean plot level. †As a percentage of all species found in both communties (n = 218).
satellite, amplifies the importance of one form of forest change, i.e., deforestation, over changing forest volume and composition. It is noteworthy that biodiversity is increasing in status relative to deforestation among some global research and application communities (Bruner et al. 2001 , Diversitas 2002 , Ferraz et al. 2003 , and the assessment of this factor will surely require finetuned surveys. Assessment of reserve performance must increasingly involve different types and scales of analysis that address multiple criteria linked to various livelihood logics and land-use activities, as well as other social criteria (e.g., Berkes and Folke 1998 , 2002 , Castillo and Toledo 2001 , Berkes and Adhikari 2006 , Sears et al. 2007 , Berkes 2008 ).
This raises implications for the planning, operating, and monitoring of extractive reserves in Brazil. The initial promise and potential of NTFP extractivism
has not yet led to the economic development necessary for sustaining local livelihoods (Uhl et al. 1997) , in part because of the initial withdrawal of subsidies for latex and other extractive products. Many extractivists have turned to more intensive land uses. Community A has expanded its pasture to increase income, and households without cattle in community B may be forced to harvest timber illegally for very low prices to deal with health and other emergencies. Some local authorities and environmental nongovernmental organizations categorically reject cattle and timber extraction in the CMER and refuse to provide extractive reserve residents with technical and regulatory support for either activity. In turn, many households in both communities favor new rules to allow both sustainable cattle production and selective timber harvest. Selective hardwood extraction experiments have recently started within the reserve, and timber extraction has occurred in extractive settlement projects outside the CMER and in other regions, with some success (Veríssimo et al. 2002 , Stone 2003 . Many households in community A state that they would keep fewer cattle if they could selectively harvest high-value timber legally for part of their regular cash income.
Both communities are losing forest to marginally productive cropland under the project formula that privileges food crops and NTFP over cattle or timber harvest. Encouraging extractivists to deforest 2 ha/ Ecology and Society 14(2): 29 http://www.ecologyandsociety.org/vol14/iss2/art29/ Fig. 3 . Observations and estimates of species richness in two communities. yr for agriculture, yet not allowing legal, selective timber extraction, makes little sense to many of the reserve's residents. As one official noted, "How and why are 2 ha of rice more sustainable than 2 ha of selectively managed hardwood extraction? The only thing it [the rice] sustains is poverty" (Anonymous personal communication). Although there is currently, in a few instances, only minimal infrastructure in place to regulate, monitor, and support sustainable selective logging, and there is proven scope for illegal logging, many residents press for help with the development of an effective program of sustainable harvest and regulation.
Scope and limitations
This preliminary study cannot claim to extrapolate results directly to all forest lands in the CMER, nor is that our intent. Additionally, the data and results do not represent all of the active rubber trail extractive forests in the CMER. However, in http://www.ecologyandsociety.org/vol14/iss2/art29/ comparing the two sites, we seek to demonstrate the key elements that drive the differential impact on forest cover, forest structure, and tree species biodiversity in these two communities to make the case and prepare the basis for a more comprehensive study across several communities in this and other reserves. According to experimental criteria, to draw definitive conclusions from the inventory data at community level in this type of study, the ideal research design would include a comparison based on several communities of each type in which the sample plot data were merged to represent the whole community. Alternatively, a study could compare data on the forest structure and tree species composition before and after divergent livelihood and land-use changes among various communities within the CMER. At the time of this study, there were no baseline data in this area for the variables in the forest inventory. There are now good baseline data at the household and community level for social and land-use variables and some forest variables, which will provide the basis for future comparisons. The data from this forest inventory in two communities now constitute a baseline for future comparisons in these two sites. However, the requirements were prohibitive for a preliminary study of this type, with landholdings of this size, in terms of time, effort, and financial resources necessary for multiple community inventories of forest structure and species composition.
The CMER has both the maintenance of old-growth forest and biodiversity preservation as part of its conservation goals. We addressed parts of both goals. Our satellite imagery analysis, however, did not incorporate adjustments in deforestation rates to account for secondary succession, nor did it address edge effects and fragmentation. The latter are known to cause vulnerability to drought and fire, as well as changes in forest structure and composition, including impacts on wildlife (Skole and Tucker 1993 , Laurance et al. 2000 , Wu et al. 2000 . Given flora-fauna relationships, it is apparent that overhunting could also affect the overall forest composition and structure. However, our study was restricted to the rubber tappers' defined forest-use trails.
Our conclusions from forest inventories in rubber trail forests and related household and community interviews in two communities cannot be extrapolated directly to the larger forest beyond Brazil-nut trees of commercial size ‡ (% of Brazil-nut trees) 9 (82.0) 10 (66.0)
Number of old-growth Brazil-nut trees § (% of Brazil-nut trees) 6 (55.0) 2 (13.0) †The Brazil-nut tree is a federally protected species, but is sometimes used in local construction. ‡Diameter at breast height > 50 cm. §Diameter at breast height > 100 cm. these extractive units. However, the rubber trail forests covered by the inventory are the most accessible and intensively used forest units in the larger household forest lands. Furthermore, the larger forest is needed to make the creation of the trails possible, and the rubber trail forests help to guarantee the maintenance of the larger forest matrix. Likewise, the results from these two communities are preliminary in nature and cannot be extrapolated directly to all rubber trail forests in the CMER and all extractivist and cattle-focused communities in the region. The results of our preliminary study, however, do indicate differential livelihood and land-use impacts on forest cover, structure, and composition, which is relevant to the future use, management, and condition of the forest as a whole. We have provided a clear rationale, as well as indications for the formulation and design of a larger research study across several communities of each type of livelihood strategy within and beyond the CMER.
Extractivism encompasses a variety of nontimber forest products, plus hunting and timber extraction, with specific and interlinked ecological impacts.
Many of the differences that we found can be explained by timber extraction and hunting practices. Overharvesting of nontimber forest products can also have negative ecological impacts, particularly on avian species (Moegenburg and Levey 2002) , with consequential effects on the recruitment and diversity of fruiting plants (Cardoso da Silva and Tabarelli 2000) . Further studies are needed regarding the specific effects of various types of NTFP and dominant production activities, as well as the integrated effects of multiple land-use activities and landscape patterns on forest structure and composition.
CONCLUSION
Our results suggest that the dominant livelihood strategies and associated mix of land-use practices pursued by communities in the CMER, i.e., either NTFP or cattle production, may lead to different performances relative to the environmental mission of the reserve. The cattle-oriented seringal better preserved the structure and diversity of the remaining rubber trail forests, whereas the NTFPEcology and Society 14(2): 29 http://www.ecologyandsociety.org/vol14/iss2/art29/ oriented seringal preserved proportionately more forest from clearing. This finding raises important concerns about the measures and means of monitoring the performance goals of both the CMER and Federal Extractive Reserves.
Our results also indicate that the type and scale of analysis matters in assessing conservation areas. Remote-sensing analysis exposes the consequences of cattle production: more cleared mature forests, higher rates of deforestation, and a landscape with larger amounts of open land and secondary vegetation. Field inventories and household surveys reveal that the consequences of some extractivist activities negatively affect forest structure and diversity within the rubber trail forests of the mainly extractive community relative to the livestockoriented community.
In both cases, problems with deforestation, as well as changes in forest structure and tree species composition, might well be addressed by infrastructure for marketing, regulation, and monitoring of selective logging, as opposed to the current prohibition of logging throughout the CMER and varying degrees of prohibition of cattle and promotion of food and cash cropping, depending on the community. Serious concerns remain about the feasibility of regulating selective tree harvesting for valuable hardwoods in this context. However, the current parallel trends toward deforestation and forest impoverishment exhibited in the cattle-and NTFP-focused study communities do not seem desirable or sustainable. Fortunately, the reserve managers have begun planning with communities for selective hardwood extraction within the CMER. Research regarding cattle ranching within the CMER will inform planning decisions by development agencies and local communities (Gomes 2001 (Gomes , 2009 ). Programs such as ProAmbiente recognize that there is no quick fix for sustainable development in the region and encourage multiple-use strategies based on individual and community preferences. Instead of categorical prohibitions regarding land use, conservation goals would be better served if standards were couched in terms of performance criteria that correspond to ecological and livelihood outcomes such as forest cover, volume, diversity, and adequacy of seasonal income for routine and emergency expenses for specific mixed land-use systems. 
